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• 1 In troduction
•
Following the presentation of progress reports on the catchment and process
•
studies at the annual Steering Committee Meeting of the Consortium in May
1987 it was agreed that two further meetings should be held in 1987.
• The fi rst of these took the form of a field visit to the Balquhidder
•
catchments and the upland grassland process study site on 9th October 1987
and was attended by representatives of all the funding agencies involved in the
programme plus a number of invited guests. Despite a thin covering o f snow
and subsequent heavy rainfall those who attended were able to see the work
•
in progress in the grassland study and a representative range of the
instrumentatiOn in use in the Ki rkton and Monachyle catchments. Time
•
precluded a visit to the Upper Monachyle instrumentation sites but the
ploughing and drainage techniques applied to the areas to be planted in the
•
lower Monachyle and the fell ing techniques in use in the Kirkton gave risc to
lively discussions.
• The second meeting was a two day discussion meeting held in Edinburgh on
•
lOth-l l th December 1987. This was attended by representatives from the
funding agencies together with invited guests from Universities and other
•
organisations who have a particular interest in the problems being addressed
by the research programme. Presentations on all aspects of thc catchment
•
studies and the process studies and the results emerging were given by staf of
the Institute of Hydrology. These were interspersed with presentations on a
range of water qual ity studies being undertaken within the Balquhidder
catchments by independently funded organisations. Following a closed review
•
of the presentations, the funding agencies presented their views on the work
and the meeting concluded with a general discussion of the results, their
•
implications and the aspects on which further work was required.
•
Comprehensive notes on the presentations made at the December meeting
were circulated in February 1988. Consequently this progress report does not
•
set  out to repeat all the detail presented there. A summary of results and
conclusions culled from those presentations is given in the following section.
•
Th is is followed by two. sections in which results enierging since December
1987 from the process studies and the catchment studies are described.
• Futu re work is reviewed in a separate paper also circulated with this rcport.
2. Summary of Resu lts a nd Conclu sions
•
• The strategy of combining an intensive study of the responses of two
•
representative catchments wi th detailed studies of the hydrological processes
identi fied as being the key factors controll ing these responses has yielded much
•
new information and a better understanding of land use and hydrology in the
more extreme upland areas of Bri tain. This information is being used to
•
extend and improve existing hydrological models. Those improvements already
implemented and tested on the Balquhidder catchment data have been shown
•
to be equally valid when applied to less extreme areas elsewhere in Britain.
There is every indication that further useful information will emerge from the
•
present phase of clear-fell ing and initial afforestation on the catchments and
the extension of the process studies found necessary as a result of the init ial
•
catchment findings.
•
2.1 CAT CH M ENT ST UD IE S
• The intensive instrumentation of two catchments at Balquhidder to obtain
•
information on water use by the existing vegetation covers, a heather/grass mix
on the Monachyle and 35% mature forest with high alt itude grassland above it
•
in the Ki rkton, has produced much useful information and some unexpected
results. The dense networks of precipitation gauges have given useful insights
into the spatial variabil ity of precipitation within this type of rugged terrain.
A method of cstimating snow input has also been evolved. Accurate,
•
continuous measurement of streamflow over the wide range of fl ows
experienced in the steep fl ashy strcams presented a challenge which has been
•
met successfully and has also provided useful data on the performance of
standard structures operating close to or beyond their design limi ts. A part
•
from its immediate application in defi ning water use from the catchments, the
flow data obtained wil l provide valuable information on the fl ood and low
•
flow characteristics of this type of terrain. Despite a relatively poor data
capture rate, the network of Automatic Weather Stations installed to provide
•
estimates of Penman potential evaporation, ET, in the catchments have yielded
valuable information on the magnitude and variation with altitude and exposure
•
of ET in these upland conditions. It has been shown that, contrary to
previous assumpt ions, ET is signif icantly greater in summer on the high
•
al titude exposed areas of the catchments than in the valley bottoms. This
suggests that the methods presently employed to obtain regional ET values by
•
extrapolation from low level sites may be signifi cantly underestimating ET for
upland areas. Initial analysis of the data on radiation, humidity, temperature
•
and windspeed suggests that the main factors leading to these higher ET
values are windspeed and net radiation. The data acquired provide an
opportunity to develop a much better understanding of the factors controll ing
climate in upland areas.
•
The conclusions from the water balance analyses of the two catchments under
•
their existing vegetation covers were surprising and appeared to contradict
existing concepts and model predictions. The heather/grass covered Monachyle
•
was found to have a mean annual water use of 634 mm, relative to an ET
estimate of 540 mm and the part forested, part grassland Ki rkton a water use
•
of 425 mm relative to an ET of 540 mm. Exhaustive checks on the data,
the methods of computing catchment means and the geology of the
•
catchments revealed no sources of systematic error large enough to cast doubt
on the conclusions that the water use of the Monachyle was certainly not less
•
than El ' whereas that of the Kirkton was significantly lower than ET. An
indication of the unexpectedness of the latter result is that the application of
•
the previously accepted Calder & Newson model to the Ki rkton would have
predicted a water use of 710 mm.
• A study of interception loss from the forested area of the Kirkton found that
•
this was within the range found elsewhere in upland Britain, suggesting that
the low overal l water use of the catchment was due to the high altitude
•
grassland areas. To determine whether water use by these grasses was
significantly lower than the Penman ET figu res an addit ional process study was
proposed, apprOved and initiated. This study is not yet completed but init ial
results suggcst that water use by grassland at alt itudes above 400 m is indeed
•
lower than Penman ET.
•
Sediment studies in the Balquhidder catchments during the initial phase of the
study were aimed primari ly at developing sediment ratings for the catchments
•
under their existing vegetation cover, so that changes in erosion rates result ing
from the subsequent operations of land preparation and planting in the
•
Monachyle and clear felling in the Ki rkton could be quantifi ed. During the
init ial phase prior to the felling and planting, mean annual losses of 37
•
km-2 and 57 t km-2 of suspended sediment and 0.1 t km-2 and 0.8 t km-2
of bedload were observed from the Monachyle and Ki rkton respectively. The
•
main sources were the steep tributary streams. The reason for the 50%
greater loss from the Ki rkton, despite its lower precipitation and fl ow, was not
•
posit ively established but most of the material appeared to come from the
lower, forested, areas which also contained an established but l ightly used
•
network of forestry roads.
•
Following the start of planting and clear felling in 1986 a marked change in
the sediment responses was observed in both catchments. In both cases the
•
range of concentrations occurring at low flows increased dramatically and• the
maximum concentrations al so increased signifi cantly during the second ycar, the
•
latter occurr ing in the mid-range of flows rather than at the highest flows.
•
Concentrations now appcar to correlate morc readily with rainfall events than
with major changes in fl ow, indicating that much greater quantities of sediment
•
are freely available for transport to the streams in both catchments. . Sources
of this additional material have been ident ified as the 6% of the Monachyle
•
ploughed and the road system in the Kirkton. Mater ial from the plough lines
in the Monachyle concentrates in the cut-of f ditches and is transported from
•
these to the streams. Heavy usage and regular maintenance of the Kirkton
road system has inevitably increased thc supply of loose material.
• Provisional estimates suggest increases in the range 3-5 times during .these
•
init ial two years of the planting and felling operations. I t wil l be necescary to
continue monitoring through Phase I I to determine the duration of these
•
present loss rates and the levels at which they subsequently stabilise.
•
•
•
2.2 P R O C ES S ST U D IES
The primary areas of study in the physical processes have been in the
evaporative characteristics of heather, the interception losses from a snow
covered forest and, recently, the evaporation from high alt itude grassland. In
addit ion a number of smaller studies have been completed including a study
of the relationship of low fl ows to land-use and a study of the ef ects of
forest line thinning on the interception characteristics. The latter found no
signifi cant difference in the annual interception losses before and af ter thinning.
The work on heather moors in Scotland has shown that the interception
losses can be large (on average 17% of rainfall). However the transpiration
losses are small, smaller than those expected from lowland grassland or forest.
As a result of these opposing tendencies, heather will be expected to have an
overall evaporation higher than the Penman potential only in the wetter areas
(when the rainfall exceeds 1500 mm).
The studies of evaporation from snow intercepted on a forest canopy,
undertaken at Aviemore, have shown that potentially large interception losses
can occur. Al though a snow covered canopy is smoother than a rain wetted
one, the large canopy storage capacity means that evaporation can continue
long aft er the snowfall has fi nished. A t Aviemore the proportion of
precipitation lost through interception is larger for snow than for rainfall.
However there is evidence that this proport ion depends on the stand density
and for older and less dense forest, such as that at Balquhidder, the
interception losses for rain and snow may be similar.
An increasing effort has been devoted to using the process results to calibrate
models which will enable the extrapolation of the catchment results to othcr
regions of the UK. Both annual and seasonal models are being produccd.
The models of forest and heather are now complete (although that for a
snow covered forest needs fu rther work). In the light of the Balquhidder
catchment results the original model for grass is now felt to be inadequate in
high al ti tude areas and its further development awaits the completion of the
high alt itude grassland study.
The applicat ion of the models to the Monachyle catchrnent . reproduces the
high losses observed from this catchment. The application of the models to
the Plynlimon catchments shows a good agreement with the grassland Wye
catchment (provided a simple temperature 'correction is applied). In thc part
forested Severn catchment there is a smal l discrepancy between the model and
catchment results but this is within the expected errors in the two estimates.
The application of the models to the Kirkton catchment cannot be made unti l
the grassland study is complete.
3. Recent Developments in the Process Studies
•
Since the consortium meeting in Edinburgh on 10/ 11 December 1987 analysis
of the 1987 data has continued and the equipment of the high alt itude
•
grassland study has been refurbished and reinstalled.
•
The total water contents in mm calculated from observations made in 1987
are plot ted wi th the daily rainfall in Fig. 3.1. There was good agreement
•
between the data from the two sets of tubes but there were one or two
periods when more frequent measurements would have been beneficial. A
•
prel iminary analysis of the measurements indicate that there may have been a
period towards the end of May when a small defici t was established but there
•
appear to have been no maj or deficits. T his in itself supports the hypothesis
of reduccd evaporation rates from high alt itude grassland. M oreover a
•
comparison of the daily rainfall totals and the changes in soi l moisture suggest
that transpiration rates throughout thc summer are typically only 1 to 2 mm a
•
day. This is in agreement wi th expectations and the resul ts from the weighing
lysimeters bu t resul ts from cunt inued measurements, if possible at more
•
frequent intervals, wil l be needed before fi rm conclusions can be drawn.
•
T he resul ts of the biomass measurements made from April to July 1987 arc
plot ted in Fig. 3.2 which shows a li near increase in the proport ion of l ive
•
biomass as a function of time. This function was used in a simple daily
account ing model to pred ict the seasonal change in so il moisture and the
•
results compared wi th observations for the period March to July. T ile model
calculates the soil moisture St“ on day i+1 from:
• Sin t = St - Et + 11.t
•
where St is the soil moisture on day i, Rt is the measured rainfall on day i
•
and Et the evaporation calculated for day, i,  as  either the Penman E .
calculated f rom the Gleann Crotha weather station data, or as the product of
•
Et and the biomass funct ion b = 0.00466d + 0.176 where, d, is the day
number.
• The daily evaporat ion was also calculated as the products of E tT and Etbr
•
where the temperature function T is that used by Hall (1987). Th is assumes
that below 5°C there is no t ranspiration, between 5°C and 10°C there is
•
limited transpiration and that above 10°C transpiration occurs at the Penman
rate.
• The best fi t between observed and predicted soil moisture was obtained when
•
the daily evaporation was given by the t r iple product. Using Et alone gave
the poorest fi t fol lowed by the product E tT . Clearly these resul ts do not
•
establish a causal l ink between temperature, biomass production and
evaporat ion rates. However, they do show again that the soi l moisture data
•
are bcst explained by an evaporation rate significantly less than Et.
•
U nfortu nately problems wi th the logging system were encountered for a large
part of the operational period of the lysimeters and the more complicated
analysis which is required to extract useful data from this period is
•
•
•
incomplete.
Th e lysimeter systems have recently (March 1988) be recommissioned for the
1988 growing season and the old loggers have been replaced with two new
Campbell CR10 logging systems. T hese sh ould improve the re liability and
prec ision of t he systems and facilita te data handling .
Work has sta rted us ing t he we t-surface we igh ing lysime ter system to study the
interce ptio n characterist ics of the grassland. This equipme nt require s personnel
to be on site and so it is pro posed that there will be several field t rips
through the year.
These trips will also be used thro ugh the growing period to take b iomass
samples.
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Fig.3.2 Product ion o f b iomass from the h igh a lt itude g rass land s ite .
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• 4. Recent Developments in the Catchment
• Studies
•
411 Data collection from the catchment instrument networks and the extensions of
these has continued throughout the ycar. l l is has resulted in more
• information now being available from the additional raingauges installed to
check on the validi ty of the basic networks and further, admittedly
• intermittent, addit ions to the body of data from the A utomatic Weather
Stations. Further analysis of these data, in terms of the individual
e meteorological variables as well as the computed Penman ET values, has begun
to yield some insights into the reasons for the higher El ' values at the high
O altitude sites. Sediment sampling was intensifi ed furt her dur ing 1987 and the
ongoing analysis is revealing rather greater changes in sediment yield in Phase
• 11 than was first suspected. T he water balance results for both catchments
have been updated to the end of 1987 and an init ial analysis of the upper
Ill Monachyle sub-catchment has been carried out. The attention of other
sections of the Institute of Hydrology has been drawn to the Balquhidder
e catchments and init ial work is now in hand to use them as testbcds for other
Science Vote supported research. This may produce information useful in the
• interpretation of the catchment and process studies.
•
• 4 .1 Precip i ta t io n
•
The precipitation gauge networks in both catchments are illustrated in
• Fig. 4.1.1. Included are the fi ve addit ional gauges installed in 1986187 to check
on the results obtained in key rainfal l domains. These domains are O Y and
• O W in the Kirkton and B3Z and D2W in the M onachyle. The addit ional
gauges installed arc C3Y(2), C3Y(3), O W(2), B3Z(2) and (D2W). The latter
• dif ers from the others in that no gauge was previously installed in this
domain. A ll arc ground level gauges installed with their grids and orifi ces
• parallel to the slope, as for the original gauges. C3W(2) was installed adjacent
to a Meteorological Offi ce storage gauge mounted with i ts orifi ce horizontal
• and 30 cms above ground.
• The results to date from the comparisons in domains C3Y, O W and B3Z are
plotted in Figures 4.1.2, 4.1.3 and 4.1.4. Because it is under snow for long411 periods insufi cient data for analysis has yet been obtained from D2W.
• Whilst there is somc scatter in the readings in each domain, there is no
indication that any of the original gauges differs signifi cantly from the check
• gauges. It is notable however that the MO standard gauge gives consistently
lower readings than either of the ground level gauges in domain O W.
•
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••
•
• 4.2. Mete roro logical Data
•
Collection of meteorological data from the four original AWS and the
• addit ional one installed above the forest canopy in the Ki rkton in 1986 has
continued to be beset by the development of faults in individual sensors and
• occasional malfunctioning of the loggers. Because of the time lag between
the removal of the tapes from the loggers and availabil ity of translated and
• processed data these faults can continue undetected for long periods. To
counteract this the mag. tape loggers are being replaced with processor
• controlled solid state systems in autumn 1988. 'Real' data can be obtained
from these in a very much shorter t ime using a PC. Th is should result in a
• much better return of data in future.
• A nalysis of Penman ET values for complete months up to 1985 (Blackie,
1987) revealed stable, well defined relationships between the stations which
• were used to infi ll missing months and so produce annual estimates of ET
from the high alt itude exposed sites at Ki rkton High and Upper Monachyle
• (see Fig. 4.1.1). Data from the 'complete' months obtained in 1987 gave no
indication of any signifi cant changes in these relationships.
During the past year some analysis of the individual variables has been
• undertaken. Th is is summarised in Figs. 4.2.1 to 4.2.5 in which monthly
mean daily values of solar, net, temperature, saturated humidity defi cit and
• windspeed for complete months from each site are plot ted against the Ti t lloch
Farm site. These indicate surprisingly close values of solar radiation at all sites
• but marked differences in the other variables. The general trends arc in the
same sense as those identi fi ed by Johnson (1985). The similari ty in the
• between-site relationships from year to year helps to explain the stable
between-site Penman relationships. Comparison of the slopes of thc
• regression lines in the above fi gures suggests that factors other than altitude
are involved. The presence of snow at some stations and not others
• duri ng the winter months undoubtedly plays a part but factors such as low
cloud and dif erences in soil moisture in the summer months must have some
infl uence.
• Clearly, however, the reason for the higher Penman ET values at the high
al ti tude st ations is that they experience much higher net radiation and wind
• speed, which suggests that exposure rather than al titude is the signifi cant
factor.
More complete runs of data and further analysis is required before any
• general ly applicable model of cl imatic variation can be formulated as a basis
for estimating catchment mean Penman ET values.
•
This work has revealed that a few of the monthly ET values previously
• considered to be acceptable must be discarded. Revised estimates of annual ET
for each of the four sites are listed in Table 4.2.1. Insignifi cant good data
• have been obtained from the Ki rkton forest site so far to present ET values
for it.
•
For the present the similar values derived from the two exposed si tes have
been used as reference values in the water balance analysis.
•
•
14
•
204
1504e
r e  100  •- •
Mont hly m ean daily so lar radiat ion (W/ sqM) plo t ted .against Tulloch Farm 198 5 — 1987
+ 1987
o
>4
x 1986 0 1985
O.
5.13,
100 , 150 . 20 0. 250 , 0. 50 . / 00. 150. 200 250.
2
250 .
200 . -
250 .
150 .
100 .
Figure 4.2 1 Between-site solar radiation relationships
o. t " 150. 100 150 . 200 . 250 , O. 50 . 100 , 150 20 0. 250 .
Month ly m ean doily net r adia t ion (W/ sgM) p lo t ted aga inst Tul loch Far m 198 5 — 19 8 7
I CO
100 .
a
+ 1987 X 1986 c/ 1985
SO. 130
16
150
50 . —
I ' ' ISO 100 . 1SO, 50 100 . 150 ,
so.
Figure  4.2 2 Between -site net radiation relationships
a
Mont hly m ean daily Tem perat ure (Deg C) plo t ted aga inst Tullach Farm 1985 — 198 7
15. —
15.
t O.
+ 1987
5,
0
5
x 1986 I / 1985
>c
10. 15
—5
Figure 4.2 3 Between-site temperature relation ships
10.
" t
 A  t
10. 15.
X
• .  
5. 10. 15.
•0 .
Mont hly m ean daily 51-10 (g/ kg) plot ted against Tul loch Farm 1985 - 1987
18
3.
2 4
Z. —
Sa • - 4- -. - • - •
0
0.
Figure 4.2 4 Between-site saturated hum idity defi cit relationships
X X
x -
2. 3.
—S. -
4, 1
0+
Et
›c
C 4  -
0
"E.
2-
Mont hly m ean doily Wind Speed (m / s) plo t ted aga inat Tu Hoch Form 1985 - 1987
198 7 >c 1986 0 198 5
X
1
5 5. 0. a.
Figure 4.2 5 Between -site windspeed relationships
19
•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
N
J
TA
B
L
E 
4.
2
1 
Es
tim
a
te
d 
A
n
n
ua
l 
Pe
nm
a
n
 
E
T 
Ta
ta
r 
(m
m
)
K
ir
kt
o
n
 
H
ig
h
(6
70
 m
)
U
p
pe
r
 
Mo
n
a
c
hy
le
(4
70
 m
)
19
83
 
19
84
 
19
85
 
19
86
 
19
87
 
19
83
-8
5 
19
83
-
87
m
e
a
n
s
 
m
e
a
n
s
52
2 
63
5 
44
6 
55
8 
49
2 
53
4 
53
1
(5
40
)*
 
63
4 
46
4 
58
4 
49
2 
54
6 
54
3
M
o
n
ac
hy
le
 
G
le
n
(3
00
 m
) 
49
5 
55
7 
39
2 
45
8 
44
3 
48
1 
46
9
T
u
ll
o
c
h 
Fa
r
m
(1
40
 m
)
*
 
E
s
t
im
a
te
d 
fr
o
m
 
t
he
 
o
t
he
r
 
s
ta
t
io
n
s
43
8 
50
4 
37
0 
41
5 
41
5 
43
7 
42
8
0• 4 .3 S e d im e n t Y ie ld s
• Estimation of sedimen t yields from catchmen ts on the basis of intermittent
sampling methods and thc relationship of thcsc observations to fl ows is fraught
• with uncertainty. Nevertheless considerable advances have been made in
refining the methods applied to these catchments. T he provisional fi gures for
yields during Phase 1 ( 1983-85), prior to the land use changes, presented in
December 1987 have been corrected for logar ithmic bias in the rating curves.
The revised figures are presented in table 4.3.1, together with provisional
est imates for the first two ycars of Phase II.
An indication of the difi culty of estimating these yields accurately is given by
• Pig 4.3.1 where the envelopes of points obtained ('" 300 per annum) arc
illustrated. Fig. 4.3.1 also indicates thc signifi cant change in sediment responseI since the start of felling (Kirkton) and planting (Monachyle) opera tions in
1986. The ranges of concent ra tions at low fl ows have increased dramaticallyI and maximum concen trat ions have also increased, these be ing obse rved to
occu r in the low to mediu m range of flows. Comparison with rainfall data
O (Fig. 43 2 .) suggests that rainfall intensity, implicitly an ind icator o f surface
water movement, is a better basis for estimating sediment loss than st reamflow
O in the present catchment condit ions.
• During 1986 land preparation for planting began in the Monachyle. The
combination of the latest gu idelines in plan ting practices with the topography,I so ils and geology of thc ca tchment meant that on 60% of the catchment area
was plo ughed. Plough lines te rminated some 20 m from the main wate rI coursc and cut-off drains were dug across the ends of the furrows at slope
angles of less than 3 °, most of these also terminating well before drainage
O lines. Planting in non-cult ivated areas has caused vir tually no soil
disturbance. Whilst sedimen t moveme nt was observed in the plough lines
Ill immediately, this was not at first fi nd ing its way much beyond the ends of
the cut -of ditches. However, as accumulations from the plough lines increased,
• these conce ntrations of loose material began to be transported into the wate r
courses, resulting in the 3-5 fold increases in the stream sediment loads
• ind icated in Table 4.3.1. Th is concen trating ef ect of the cut-of ditches raise s
questions on whe ther th is is the best approach to containing sedimentI movement . Th e plough lines are now being recolonised with a vegetation
cover bu t large quan tities of sed iment in the ditches are still easily
• t ranspo rtable.
• In the Kirkto n the reasons for the higher sediment loads dur ing Phase I were
no t positively Identifi ed. It is worth noting however that an established
• though lightly used road system  was  presen t in the forested area throughout,
whereas no roads are prese nt in the Monachyle. Th is road system was
• upgrade d in late 1985 and extended to include two timber stacking are as when
felling sta rted. Timber extraction to the roads, by ca ble crane and by tracked
• vehicles driven on brash mats, has caused minimal soil distu rbance. Use of
the roads has increased dramatically however with some 4 lorry loads of
O timbe r moving ou t each day, necessitating on-going road repairs and
maintenance. Thus the main source of the 1986 5-fold increase in readily
O transpo rtable se diment appears to be the road system.
40% of the forest has now been felled and the remaining GO% is scheduled
for removal by 1990. During this period second crop planti ng wi ll begin on
the earl iest cleared areas. Removal of the mature forest means the removal
of the 32% interception loss, so that the sparsely vegetated cleared areas will
experience greater di rect rainfall impact as the present brash covering decays
and presumably greater surface water flow. A ny effect of this on erosion
rates has been swamped so far by the large increases in loss front the roads
but should become more apparent as the area cleared increases.
TA BL E 4.1 1 A nnual sediment loads (tonnes), adj usted f or bias.
Bed load given as > I m m and also total load in
brackets.
198 3 483 337 6 (20 ) < 1 (2 )
1984 292 296 5 (13 ) < 1 (2 )
1985 386 228 6 (17 ) < 1 (2 )
1986* 1965 1027 Not avai l ab l e
1987* 986 860 Not avai l ab l e
* pr ov i s i ona l f i gur es
Suspended Bed load
Ki r k t on Monac hy le Ki r k t on Monac hy l e
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4.4  Catchment W ater Balances
• Catchment water balances for thc Monachyle and Kirkton to the end of 1985
and thei r implications were discussed at length at the December meeting. The
time series plots of P and 0 and the annual water balances are updated wi th
the inclusion of the 1987 figures in Figure 4.4.1 arid Table 4.4.1
•
As was indicated in December the P-Q estimates of water used by both
• catchments during 1983-85 per iod are not significantly affected by the absence
of an estimate of t he storage difference, AS. Consideration of the possible
• systematic errors in P and Q fol lowing the revision of the ratings of both
streamflow structures and the checks on the raingauge networks showed that
• these were unlikely to account for the between-catchment di f erences. I t also
suggested that the departures of P-Q from ET in both catchments were
• probably significant.
• The P-Q values for 1986 and their relationships with ET are very similar to
the 1983-85 means. The 1987 values are lower for both catchments both in
• absolute terms and relative to E l '. Considerat ion of the conditions at thc
beginning and end of the year indicates that both catchments were wet but
• fl ows were higher at the end. However snow cover was greater at the
beginning. Estimation of both the sign and the magnitude of AS over the
year is di ff icult therefore and at this stage the significance of these P-0 values
can not be fully assessed. I t is interesting to note however that annual
• precipi tat ion in both catchments in 1987 was the lowest experienced in the
study.
•
The upper Monachyle sub-catchment yielded streamflow data for part years
• only unt il 1986 because of freezing of the structure fl oat well for long periods
during winter. Experiments with the use of pressure transducers to determine
• water level in the forecourt proved successfu l and a complete fl ow record was
obtained for 1987.
•
Water balance data for the part year periods prior to 1986 and for . the
• complete year of 1987 are compared with these from the complete Monachyle
catchment in table 4.4.2. A lso listed are val ues for the 'lower' Monachyle,
• obtained by area weighted subtraction of the two data sets. 'Lower' in this
context does not relate to alt itude. The 'lower ' part contains both the highest
• and lowest alt itude areas of the ca tchment, wi th a mean very similar to the
upper sub-catchment. A s can be seen from table 4.4.2 P,Q and P-0 are
• very similar for both parts of thc catchment. Whilst it is interesting to note
that the maximum dif erence in P-0 occurred in 1986 when the lower part of
• the Monachyle was undergoing part ial ploughing and drainage it is doubtful
whether the dif erence can be regarded as signifi cant.
•
•
•
•
•
•
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•
5. O ther stud ies
•
•
Future developments of the process and catchment studies are discussed in a
paper circulated separately from (his repor t.
• In addit ion to these, In is current ly undertaking two addit ional studies based
•
on the Balquhidder catchments. These do not form a part of the
Consor tium funded programme but are aspectsl _Science Vote funded research
•
which could have been carr ied out elsewhere. Since the outcome could have
relevance to the Balquhidder studies, the teams involved have agreed to use
•
the catchments as a focus of their operations.
•
One such project is concerned wit h the development of remote sensing
techniques. These techniques can improve knowledge of the geological
•
structure of an area. Differences in the vegetation cover can be recognised by
the di fferences in the refl ectance characteristics. Thus heather can be
•
distinguished from grass. However, the differences change through t he growing
season. A lso the aspect of the land surface the vegetation is on af ects the
•
refl ectances. The resolut ion of the remotely sensed data affects the resul ts as
the data represents the mean refl ectance within an area. For the satell i tes
•
SPOT and LA NDSAT 5 this is 20 m and 30 m respect ively. T his means
that the land cover classification works best when the differences in land cover
•
occur in large, distinct, uniform blocks. Problems can occur when an area is a
mixture of types but it is sometimes possible to assess the percentage
•
occurrence of the component types. Remotely sensed data wil l be used in the
Balquhidder catchments to try and distinguish between areas with grass and
•
heather covers. In addition, differences in the wooded areas can also be
established as well as different agr icultural land uses. T he data available for
•
this are a LA I9 A T 5 TM image acquired on the 17 March 1985 and a
SPOT XS image acquired on 17 A pril 1987.
A request has also been made that the catchments should be included in . the
•
NERC air borne campaign in 1988 using infrared photography. However, this
has been accepted only on a reserve basis and so cannot be guaranteed.
Ti le second project is concerned with the further development of the eddy
•
correlation technique for obtaining direct measurements of evapot ranspiration.
T he 'Hydra' inst rument developed by the Inst itute of Hydrology has now been
•
used experimentally in a number of locations internationally to sample
evapotranspiration by a variety of vegetation types ranging from annual crops
•
to A mazonian rain forest. A perceived l imitation of its use is that it
normally requires to be mounted over the vegetat ion on level terrain with a
level upwind ' fetch' In seeking sites on which to explore its limits in terms
of sloping terrain the high altitude grassland slopes of (he Kirkton catchment
•
were suggested. T his site has the advantage that resul ts can be compared
with the grassland study results and .the catchment data.
• A n exper imental rig has now been installed on the upper eastern slopes of
•
the Ki rkton catchment and will be operated through summer 1988. I f the
results show promise a more intensive exercise may be mounted in 1989.
zi
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